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Tyrophagus putrescentiae, (ham mite) is difficult for commercial dry cured ham
producers to control. This research was conducted to test the efficacy of C8C9C10 fatty acids
combined with and without food grade coatings to control mite infestations on dry cured hams.
Ham cubes were coated directly or wrapped in nets saturated with combinations of xanthan gum
(XG) or carrageenan (CG), propylene glycol alginate (PGA), and either propylene glycol or
C8C9C10 fatty acid. The use of 10% C8C9C10 with XG and CG + PGA in direct coatings and 1%
C8C9C10 with XG or 10% with both XG and CG/PGA in saturated nets inhibited mite population
growth. Unexpectedly, the soybean oil solvent effectively controlled mite infestation. Sensory
evaluation indicated that 10% C8C9C10 mixed with soybean oil and 100% soybean oil did not
impart sensory differences to ham when used as a coating but did impact sensory attributes when
used with nets.
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CHAPTER I
INTRODUCTION
The salted, cured product known as country ham has roots going back to colonial times in
the United States, when settlers brought preservation techniques from their native homes. The
influence of German, Spanish, and Italian settlers, blended with that of Native Americans to
create the American country ham. Country ham has been produced from Pennsylvania to Florida
and is currently produced in North Carolina, South Carolina, Virginia, Georgia, Tennessee,
Kentucky, and Missouri (Rentfrow et al., 2012).
The United States Code of Federal Regulations defines ham as the meat coming from the
hind leg of swine (USDA FSIS 9 CFR 317.8b.13), while a dry cured, country ham must contain
at minimum a final internal salt content of 4%. Country hams are aged and may be smoked but
must lose at least 18% of their original weight (USDA FSIS 9 CFR 319.106). Along with salt
and seasonings, the use of smoking and aging details such as time, temperature, and relative
humidity (RH) have significant effects on the characteristics of the final product. In some cases,
specific hams are marked by regional production, and/or nutrition, pig breed, and legal
requirements. Regional product examples are the American country ham, Italian prosciutto and
Spanish Iberian hams. In Europe dry-cured hams are generally aged between 16℃ and 25℃ at a
RH of 75 ±10% (Toldrá and Aristoy, 2010). In contrast, American dry-cured hams are aged at
warmer temperatures with lower relative humidity levels: 28℃ or above and a RH of
approximately 65% or below (Rentfrow et al., 2012). However, temperatures ranging from 25℃
1

to 30℃ and relative humidity of 60-80% have been shown to be favorable to both mold growth
and pest infestation (Sánchez-Molinero et al., 2010; Kheradmand et al., 2007).
Dry cured hams must be free from mite infestations according to current United States
regulations (USDA 9 CFR 301, 2020). This becomes particularly challenging as the aging
process continues for the hams. Specifically, hams aged over 5 months are more susceptible to T.
putrescentiae infestation (Rentfrow et al., 2008). Tyrophagus putrescentiae (Schrank)
(Sarcoptiformes: Acaridae), commonly referred to as the ham mite or cheese mite, is one of the
pests that may infest dry stored food products (Gulati & Mathur (1995). T. putrescentiae is
commonly associated with grains, cheeses, dried fruits and nuts, dry cured ham, and other dried
food products (Rentfrow et al., 2008; Thind, 2005; Thind & Clark, 2001). The ham mite prefers
foods that are high in fat and protein with optimal environmental conditions (20-30℃ and RH of
60-80%) for growth (Mueller, et al., 2006). T. putrescentiae also enjoys a symbiotic relationship
with certain species of mold, such as Aspergillus and Penicillium (Hendrix et al., 2018). While
mold may be a commensal organism for the ham mite, it may also be a direct food source (Edde
2012). Twenty-two of thirty-four commercial country ham facilities in the United States reported
a need for the use of methyl bromide fumigation to combat mite infestations (Rentfrow et al.,
2008).
Bromomethane, more commonly known as methyl bromide (CH3Br), has been used as an
effective fumigant for stored products since the 1930’s, due to its rapid action and broad
spectrum of activity (Fields & White, 2002). However, as environmental awareness has
increased, there has also been increased scrutiny on substances that may damage the atmosphere.
In the 1990’s the Montreal Protocol on substances that deplete the ozone layer was developed in
response to these concerns. The Montreal Protocol identified several ozone-depleting substances
2

(ODS), including chlorofluorocarbons, halons, carbon tetrachlorides and methyl bromide (UNEP
2019). The Montreal Protocol required that participating nations identify methyl bromide use
during the year 1991 and begin to phase out the use of methyl bromide based on the 1991 usage
level. The phase out continued through 2015, which required a zero percent usage. Fortunately,
the US dry cured ham industry was granted a critical use exemption until 2017 (UNEP, 2019). At
that time, it was determined that there were sufficient stockpiles of methyl bromide available in
commerce to meet the needs of the U.S. dry cured pork industry without having to manufacture
more. However, there are still concerns that methyl bromide will not be available for fumigation
due to both lack of availability and price point.
Despite this exemption, research has been and is still being conducted to find effective
alternatives to methyl bromide fumigation. Atmospheric controls, such as reduced-oxygen
atmosphere (ROA) (Sánchez-Molinero et al., 2010) and other gas mixtures (Hasan et al., 2016)
(De Assis et al., 2011), temperature and relative humidity control (Hendrix et al., 2018), and
fumigant replacements like phosphine (Sekhon et al., 2010) (Hasan et al., 2019) and sulfuryl
fluoride (Abbar et al., 2018) have been tested for their efficacy at controlling mites, with mixed
results. Food safe compounds such as xanthan gum, propylene glycol, carrageenan, propylene
glycol alginate (Zhao et al., 2016), and lard have been tested as direct coating solutions (Abbar et
al., 2016a). These coatings with 10-50% propylene glycol (PG) were effective at controlling mite
growth on dry cured ham cubes in laboratory conditions (Zhao et al., 2016). Whole hams coated
with these solutions demonstrated minimal sensory impact to the flavor, moistness, and texture
of the dry cured ham at several aging facilities (Campbell et al., 2017). However, the cost of
additional processing and labor makes this less appealing. Therefore, the focus has shifted to
include the use of polyester, cotton, and polyester/cotton blended nets that are currently used to
3

hang the hams during the aging process. Promising results have come from saturating these nets
with solutions of xanthan gum (XG) or carrageenan (CG) + propylene glycol alginate (PGA)with
greater than 20% PG. These mixtures also had no effect on the sensory characteristics of flavor,
texture, and moistness of treated whole hams (Campbell et al., 2018).
Due to limited success in developing alternatives to methyl bromide for the control of T.
putrescentiae, it is important to continue researching alternatives. Garlic juice is effective at
controlling mites in laboratory studies, but is time-sensitive (Preisser et al., 2018) and imparts
flavors that are uncharacteristic of dry-cured ham. Organic acids, including fatty acids, have
some use as antimicrobial agents (Ricke, 2003). Short chain fatty acids are naturally occurring in
the human body and are present in many food products. Specifically, C8C9C10 is generally
recognized as safe (GRAS) (Reifenrath, 2015). Dunford et al. (2015) tested a variety of C8C9C10
concentrations mixed with silicone and acetone and determined that higher concentrations (over
75µg/ 250ml bottle) controlled test mosquitoes. C8C9C10 has been approved by the EPA as a fly
repellant and is environmentally friendly since the fatty acids are naturally present in food
products. Field studies have shown that this fatty acid blend is effective as a mosquito, house fly,
stable fly, and cockroach repellant and as a pesticide against flies and mosquitoes (Reifenrath,
2015). Trials by Manu, et al., (2019) showed that a blend of C8C9C10 fatty acids was effective at
controlling mite population growth in assays on ham cubes.
The objectives of this study were to (1) evaluate the effectiveness of the C8C9C10 short
chain fatty acid mixture as the active ingredient in a food grade coating to control T.
putrescentiae, through direct contact and application to netting materials that are used in ham
containment during storage and aging, and (2) to evaluate the impact of C8C9C10 short chain fatty

4

acid as the active ingredient in a food grade coating in both direct contact and saturated netting
applications on the sensory properties of dry-cured ham.
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CHAPTER II
LITERATURE REVIEW
2.1
2.1.1

Dry Cured Ham Characteristics and Processing
2.1.1Food preservation
The preservation of food has been a concern throughout history and has led to both a

steady supply of food as well as a greater variety of culinary experiences. Some of the earliest
hints of cooking food date back to grilling and cooking with heated stones during the Paleolithic
period. Early mankind developed a taste for sweet honey and soon developed the skill of using
honey to preserve fruits. In addition, honey was fermented to produce the beverage, mead
(Toussaint-Samat & Bell, 1987). Food preservation is achieved by destroying or inhibiting the
growth of microorganisms in and on the product. Depending on the local climate, preservation
may have included salting, drying or smoking, or fermentation and/or air drying. (Thorne, 1987).
The use of salting and drying serves to reduce the free water in a product, thus lowering the
water activity which leads to a shelf-stable product (Pegg & Honikel, 2015).
2.1.2

The use of pork in preservation
The omnivorous nature of swine, combined with its ability to reproduce prolifically,

made it an ideal component of the early agrarian lifestyle (Toussaint-Samat & Bell, 1987). Early
Chinese records dating back to 4900 B.C. indicate the domestication of the pig, while Europe
followed some three thousand years later (Rentfrow et al., 2012). In both Europe and Asia,
smoking, drying, salting, and pickling were used to preserve foods as early as the Middle Ages
6

(Thorne, 1987). Others report that the Romans were salting and smoking hams around the time
of the birth of Christ (Toussaint-Samat & Bell, 1987). While these methods were originally
developed out of the necessity to preserve foods, they also produce desirable flavor, aroma, and
texture profiles in the products.
One way that preservation has been refined, includes curing meats with both salt and
nitrites/nitrates. Using the salt and curing agents in direct contact is considered dry curing, while
the use of a brine creates a wet cure- which can speed up the curing process but creates a very
different product (Pegg & Honikel, 2015). A common, basic cure mixture might include 8 kg of
salt, 2 kg of sugar, and 0.056 kg of saltpeter or sodium nitrite per 100 kg of meat (Graham et al.,
2011). Dry curing pork has resulted in a widely popular ham with desirable sensory
characteristics. While the dry-cured “country” ham is believed to have come to the United States
during colonial times, the term “country ham” has only been in use since the 1940’s (Rentfrow,
Chaplin, & Suman, 2012). There are many factors involved in ham production. During growth
and development, the breed, age, weight, and feed characteristics play a role in the flavor and
quality of the final product. Generally, pigs aged 5-6 months and weighing between 100 and 135
kg are slaughtered in the United States, while European regions may prefer other ages and sizes
(Ockerman et al., 2002).
After slaughter, the hind legs are salted with a curing mix for approximately 4-5 days per
kg of ham weight at 2-4oC, before washing, optional smoking, resting- which allows for salt
equalization, and aging (Ockerman et al., 2002). The use of a higher temperature during the
resting/drying stage allows for a more intense red color (Andres et al., 2005). Variations in
processing methods also affect the flavor and/or texture characteristics of the ham. Regional
influences can direct processing variations; Northern European countries may include smoking.
7

While not essential, smoking adds color, flavor, and aroma to hams and may take up to 8 days at
35℃ (Hanson et al., 2015). European dry-cured hams are often aged between 16℃ and 25℃ at a
RH of 75 ±10% (Toldrá and Aristoy, 2010). Some of the more popular styles of dry-cured hams
include the Spanish Iberian and Serrano hams, the Italian Parma and Toscano hams, and the
Chinese Jinhua and Xuanwei hams (Petrova, et al., 2015).
In America, the dry cured ham (sometimes called a country ham) is produced specifically
from the hind leg of a pig, and is uncooked, cured, dried, and may be smoked (USDA FSIS 9
CFR §319.106, 2018). The country ham is most often produced in the United States in the
southeast region- specifically including North Carolina, Tennessee, Missouri, Kentucky,
Virginia, Georgia and Pennsylvania. Originally, this region had a climate that was favorable for
producing hams prior to the integration of refrigeration into meat processing facilities.
Processing facilities have adapted and can produce the desired conditions regardless of
geographic location, but most country ham is still produced in the southeastern United States
(Hanson et al., 2015). Aging occurs above 28℃ and below approximately 65% RH (Rentfrow et
al., 2012). Unfortunately, higher temperatures (from 25℃ to 30℃) and moderate RH (tested at
both 65-80% and 60-70% RH) have been shown to be favorable to both mold growth and pest
infestation (Sánchez-Molinero et al., 2010) (Kheradmand et al., 2007).
Aging times range from 3 to 24 months, depending on the desired flavor profile of the
final product. Longer aging/ripening periods allows for greater enzymatic degradation and
degradation of proteins and lipids into amino and fatty acids which degrade further into volatile
flavor compounds (Toldrá, 2002). During aging, enzymatic proteolysis and lipolysis contribute
to the development of the final flavor and quality profile of the product (Toldrá, et al., 1997).
Enzymatic activity is highest early in the aging/ripening process due to higher water activity and
8

minimal degradation of protease enzymes (Petrova et al., 2015). United States regulations
require that dry cured hams must lose at least 18% of the original weight and contain at least 4%
salt (USDA FSIS 9 CFR §319.106, 2018).
2.2

Pest Infestation
With a protein and fat combination of approximately 23-26% protein, 10-14% fat, and

50-57% moisture (Toldrá & Reig, 2015), the meat used in dry cured hams is a target for red
legged ham beetles (Necrobia refuipes), fungi (Penicillium nordicum), cheese skippers (Piophila
casei), and ham mites (Tyrophagus putrescentiae) (Toldrá, 2002). These species may also infest
other stored products such as cheeses (Rentfrow et al., 2008), pet foods (Thind, 2005), and dried
fruits or grains (Thind & Clark, 2001). The pest T. putrescentiae (Schrank) (Sarcoptiformes:
Acaridae) originally feeds on fungi but infests a wide variety of products. Organic matter, plant

seeds, stored grain products (Chmielewski, 1999), mushroom beds (Kheradmand et al., 2007)
and items with high protein and fat content are susceptible to infestation (Edde et al., 2012). T.
putrescentiae is especially difficult to control due to its size, dispersion, fecundity, and body
structure. The adult ham mite is approximately 0.3 mm in length and generally lacks
segmentation in creamy, oval-shaped, translucent bodies (Edde et al., 2012). Mites begin as eggs,
develop into larvae, then protonymphs, and tritonymphs before reaching the adult stage. This
process can take from one to three weeks. Female mites may lay over 450 eggs during a lifetime,
and populations may double in as little as two to four days (Sánchez-Ramos et al., 2007). In a
study by Bahrami et al., (2007) T. putrescentiae was reared on Fusarium graminearum at 25
±1℃ and 60 ±5% RH. Under these conditions, T. putrescentiae spent approximately 2 days as
eggs, 3 as larvae, 4 as nymphs and 10 days as adults. In a study by Sánchez-Ramos et al. (2007)
using rearing cells and feeding with dried Brewer’s yeast flakes, mite longevity was shown to be
9

affected by relative humidity, with male lifespans ranging from 3 days at 70% RH to 53 days at
80% RH and nearly 80 days at 90% RH. Female lifespans ranged from 3 days at 70% RH to 53
days at 80% RH and actually dropped to 37 days at 90% RH. T. putrescentiae mites may
disperse due to food depletion or degradation, overcrowding, or simply when conditions become
unfavorable for survival (Edde et al., 2012).
The ham mite represents a threat to food quality as well as safety. Additionally, T.
putrescentiae can pose health risks, specifically with regards to allergies. Green & Woolcock
(1978) reported that T. putrescentia is an important source of allergens. A study on T.
putrescentiae mites in Korea indicated that it is one of the most common inhalant allergens in
pediatric allergy patients (Choi et al., 2010). Tafuro et al. (2015) reported that storage mites
(including the ham mite) do play a role in the onset of allergic disorders in ham workers in Italy.
2.3

Pest Control
Controlling pest infestation is a constant struggle, and T. putrescentiae can be particularly

challenging. Multiple steps may be used as part of an Integrated Pest Management (IPM)
program, including temperature, fumigation, and other pesticides. Sanitation and structural and
plant layout designs are also important factors in an IPM program (Zhang et al., 2018b; Nayak,
2006; Rentfrow et al., 2008). Additional research indicates that freezing limits the survival of T.
putrescentiae and could be effective when integrated into an IPM program (Eaton & Kells,
2011). Product-specific methods for dry cured ham will be discussed in further detail below, but
may include treated nets and humidity control (Hendrix et al., 2018). The use of traps and
sampling plans are also important parts of IPM program development. Amoah et al. (2017)
showed that the number of mites in a trap is linearly related to ham mite density in a space. Also,
the use of sequential sampling plans may help avoid pest migration.
10

2.3.1

Methyl Bromide
Bromomethane, commonly referred to as methyl bromide (CH3Br), is an odorless,

colorless, highly effective fumigant for stored products and can be used as a preplant soil
fumigant thanks to both rapid action and a broad spectrum of activity (Fields & White, 2002).
Since the 1930’s, when the use of methyl bromide began, there has been a growing concern
regarding substances that may damage the Earth’s atmosphere. In 1985, the Vienna Convention
for the Protection of the Ozone Layer was developed and grew into the Montreal Protocol on
substances that deplete the ozone layer. While originally focused on chlorinated fluorocarbons
and halons, this protocol also listed methyl bromide as an ozone-depleting substance (ODS) and
required participating nations to limit the use of ODS. A nation’s methyl bromide usage during
1991 would be used as the baseline for modeling staggered step-down levels (UNEP 2019).
Participating nations were allowed 100% of the 1991 level in 1995, but in 2001 that level was
lowered to 75% of the 1991 use. Levels would continue to decrease to zero in 2015. Exemptions
were granted in the United States for dried fruits, eggplant, strawberries, and dry cured ham.
These exemptions were also to be phased out, and in 2017 it was determined that there existed
sufficient stockpiles of methyl bromide to meet the needs of the dry cured pork industry
(Hendrix et al., 2018).
2.3.2

Previous Methyl Bromide Alternatives
The methyl bromide phase-out has created the need for methyl bromide alternatives, and

research to find effective alternatives has been conducted and is ongoing. Research By Hasan et
al., (2019) on the use of phosphine as a fumigant showed that a concentration of 0.85 g/m3 was
100% effective at controlling ham mites in both egg and mobile stages. Unfortunately, phosphine
gas is corrosive to common electronics and copper (Bond et al., 1984; Brigham, 1998).
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Fumigation trials have been done by Zhao et al. (2015) under several conditions, including a
laboratory, a simulated aging house, and a commercial processing plant. It was determined that
while effective in a laboratory setting, the use of phosphine was discouraged due to corrosion
damage in processing facilities. Abbar et al. (2018) determined that when used at reasonable
concentrations and time/temperature exposures, sulfuryl fluoride was effective at controlling
adult mobile mites, but not eggs. When fumigated for 36 h at 40℃ and 1400 gh m -3, sulfuryl
fluoride kills 100% of all mite life stages. However, this concentration rate is close to the legal
upper limit of 1500 gh m-3 and runs the risk of exceeding that limit. When using a more preferred
rate of 300 or 1000 gh m-3 at 40℃ for 48 hours, sulfuryl fluoride was not effective at controlling
mites. Based on the CFR, country hams are also not able to be heated to 40℃ (USDA FSIS 9
CFR §319.106, 2018).
The fumigant activity of the essential oils Cinnamomum zeylanicum, Eugenia uniflora,
Eugenia uvalha, Melaleuca leucadendra, Piper marginatum, and Schinus terebinthifolius was
tested for the control of ham mites. In this study by De Assis et al. (2011), the most toxic
essential oils were eugenol at 0.23 µL/L of air and C. zeylanicum at 0.82 µL/L of air. Other
essential oils were tested by Kimet al., Ahn (2003). Results showed that bay, clove bud/leaf,
lemongrass, and oregano were 100% toxic to adult mites at 12.7 µg/cm2. Increasing the dosage
to 25.5 µg/cm2 resulted in the inclusion of cedar atlas, citronella java, nutmeg, palmarosa,
pennyroyal, spearmint, white thyme, and wormwood as 100% toxic. Testing in closed and open
containers indicated that acaricidal effects were most likely a result of action in the vapor phase.
Additional studies have been done exploring the use of atmospheric controls. Abbar, et
al., (2016b) reported that exposure to high and low temperatures (45℃ and -10℃, respectively)
was effective at controlling T. putrescentiae in laboratory studies. Reducing the temperature to 12

10℃ is impractical in commercial aging facilities, and the high temperature is, while successful,
unusable for country ham due to legal restrictions (USDA FSIS 9 CFR §319.106, 2018). In a
study by Sánchez-Molinero et al.(2010), reduced oxygen atmosphere (ROA) eliminated and
prevented the growth of mobile mites, increased L* color values in the subcutaneous fat, and
decreased b* color values in the external portion of the subcutaneous fat. Hasan et al. (2016)
reported that low oxygen levels and high carbon dioxide levels require long exposure times (up
to 144 hours) to be effective, while ozone is toxic to mites but is ineffective due to poor
penetration.
In addition to atmospheric controls, research has focused on using food safe compounds
as direct coatings. Preisser et al. (2018) showed that fresh garlic juice is effective at
concentrations at or above 50%, but garlic juice is extremely time-sensitive and loses efficacy as
it ages. While water-soluble, it may impart flavors and aromas that are both undesirable and not
characteristically associated with dry cured ham. Lee et al., (2006) tested fennel seed oil as a
direct contact solution as well and showed it to be potent enough to warrant component isolation
and further testing. Naphthalene at 4.28 µg/cm2, dihydrocarvone at 4.32 µg/cm2, and (+)-carvone
4.62 µg/cm2 were the most toxic compounds derived from fennel seed oil. Of the fourteen
isolates from fennel seed oil, these three contributed the most acaricidal activity, with (+)carvone being the most effective due to its’ abundance compared to the other two compounds.
However, fennel seed may also impart flavors and aromas that are undesirable for dry-cured
pork.
Abbar et al. (2016a) used two-choice behavior tests, reproduction tests on small ham
cubes, and residency tests on whole hams to study a variety of compounds, from organic
alcohols, salts, oils and fats, to preservatives and gums, and concluded that propylene glycol
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(1,2-propanediol) (PG), lard, ethoxyquin, and combinations of carrageenan (CG), propylene
glycol alginate (PGA), and PG were effective at reducing mite growth. Further research by Zhao
et al. (2016) indicated that combinations of 1% CG and 1% PGA mixed with 10% PG and 1%
XG mixed with 20% PG were effective at controlling ham mites in laboratory experiments.
Combinations of 1%CG + 1% PGA + 20% PG are also permeable to moisture, which could
allow them to be used during the aging process when moisture loss is important. Distillates of
Lactobacillus diolivorans have been combined with 1% each of XG + CG + PGA solutions in a
direct coating application and controlled mite populations in laboratory testing (Portillo et al.,
2018). In fact, the use of fermented by-products of L. diolivorans was as effective as the use of
10% PG and did not differ from control samples with respect to texture, moistness, and flavor.
Sensory evaluations of whole hams dipped in solutions containing either 1% XG and 20% PG or
1% CG + 1% PGA and 40% PG showed a slight difference from non-dipped control hams, while
hams sprayed with these solutions did not (Campbell et al., 2017).
The additional cost impact of dipping or spraying makes the direct contact method
undesirable and has led to the consideration of saturated nets. This consideration is bolstered by
the fact that many processors already use nets to hang hams during aging. Plasma treated fibers
coated with chitosan/Ag+ are highly toxic to ham mites (Rahel et al., 2013). Additionally,
chitosan/Ag+ textiles are stable, which could allow for longer effectiveness than other chemical
treatments. A study by Campbell et al. (2018) indicated that combining cotton or
cotton/polyester blended nets with CG + PGA and PG or XG and PG was effective at inhibiting
mite growth and does not negatively impact the sensory characteristics of texture, flavor, or
moistness of hams in laboratory studies. Additional infestation tests on whole hams indicate that
coated nets with higher stitch densities enhance effectiveness. Hendrix et al., (2018) tested a
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combination of saturated nets with multiple temperature and relative humidity combinations. The
combination of XG + PG infused nets with higher RH (85%) was effective at controlling mite
infestation regardless of temperature. Additionally, the combination of CG + PGA + PG was
effective at controlling mite infestations, at a wider range of RH (65-85%) and temperature
combinations in laboratory studies. Untreated nets required higher temperature and RH to control
mite growth. Krishnan et al. (2019) also tested the use of PG at 40% in combination with either
XG or CG + PGA as a direct coating or via saturated nets on cave aged Cheddar cheese. These
tests were performed at 10℃, 15℃, and 20℃, as well as 75% and 85% RH. Results showed that
both gum mixtures were effective in both coating and netting methods in laboratory testing.
Lower temperatures were more effective at controlling mites when averaged over RH. The
saturated net methods offered more favorable sensory characteristics as opposed to direct coating
methods.
2.3.3

C8C9C10 Fatty Acids
Organic acids have been used as food additives and preservatives, and may have some

use as antimicrobials (Ricke, 2003). Fatty acids, including short chain fatty acids (SCFA) are
organic acids that occur naturally within the human body as well as many food products
(Cummings, 1981). Octanoic, nonanoic, and decanoic acids (C8C9C10) are naturally occurring
and exist on the skin of humans and are generally recognized as safe (GRAS) by the United
States Food & Drug Administration (Center for Food Safety and Applied Nutrition, 2020).
Additionally, SCFA is not harmful to the environment. Sensory attributes for these fatty acids
have been explored. A 2002 study of fatty acids in goat cheese identified octanoic acid with the
descriptors of rancid and pungent, while nonanoic and decanoic acids were both identified
simply by the “goat” descriptor (Salles et al., 2002). The Flavors & Extract Manufacturers
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Association describes octanoic acid with “cheese, fat, grass, oil” descriptors, decanoic acid with
“dust, fat, grass” descriptors, and nonanoic acid with “fat, green, sour” descriptors (Flavor &
Extract Manufacturers Association, 2018a, b, c).
The United States Environmental Protection Agency (EPA) has approved the use of
C8C9C10 SCFA as a fly repellant on livestock. Laboratory and field studies have shown that this
SCFA blend when blended at 0.03% or greater with kaolin clay to make a 15% mixture to mix
with water has both insecticidal and repellant effects against insects and other arthropods
(Reifenrath, 2015). Due to increasing insecticide resistance, the repellency and toxicity of the
C8C9C10 SCFA has been further studied, specifically against strains of the mosquito Anopheles
funestus in a study by Samuel et al. (2015). Toxicity was tested using a range of concentrations,
from 50 – 400 µg a.i./ml, while repellency was tested using three separate solutions with 15%
SCFA that were suspended in mineral oil. The SCFA was effective as an adulticide, with toxicity
increasing as concentrations increased, but ineffective as a repellant in this test. Tests in Thailand
using C8C9C10 SCFA alone or with permethrin were effective against the oriental eye fly
Siphunculina funicola (Chansang & Mulla, 2008). The C8C9C10 SCFA blend has also been
mixed with silicone oil and acetone and is effective at controlling mosquitoes at dose
concentrations of at least 75 µg/250 ml bottle (Dunford et al., 2015). Preliminary laboratory tests
by Manu & Phillips (Campbell et al., 2019) using C8C9C10 SCFA indicated that a mixture of 1%
or 10% SCFA with acetone was successful after two weeks at controlling mite population growth
on ham cubes that were incubated for two weeks (Manu et al., 2019). It has been shown that the
use of food grade gums has been effective when used with propylene glycol. Therefore, the use
of C8C9C10 in conjunction with carrageenan and propylene glycol alginate or xanthan gum as a
means of delivery may be effective combinations for the control of mite growth.
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CHAPTER III
MATERIALS AND METHODS
3.1

Food Grade Coatings Materials
Carrageenan (Ticagel® 795 Powder, TIC Gums, Belcamp, MD), propylene glycol

alginate (TICA-algin® PGA LV Powder, TIC Gums, Belcamp, MD), xanthan gum (PreHydrated® Ticaxan® Rapid-3 Powder, TIC Gums, Belcamp, MD), propylene glycol (Hawkins,
Roseville, MN), and a fatty acid blend C8C9C10 (Emery Oleochemicals, Cincinnati OH) were
used in the formulation of coatings for both direct contact and net saturation. Ham stockinettes
(150 loops per cm3, 100 % polyester) (Dickson Industries, Des Moines, IA) were cut into 14 cm
squares and infused with mixed solutions by hand.
3.2

Food Grade Coatings Solution Preparation
Coatings made with 1% xanthan gum (XG) were mixed with room temperature (25℃)

tap water before the addition of 10% propylene glycol (PG) or either 1% or 10% C8C9C10 fatty
acid (SCFA). Coatings made with 1% carrageenan (CG) and 1% propylene glycol alginate
(PGA) and 10% PG or either 1% or 10% SCFA were solubilized in boiling water before cooling
to approximately 65℃. A 1% and 10% SCFA solution was also made with tap water. Soybean
oil (Great Value, Wal-Mart Stores Inc., Bentonville, AR) was used as a solvent for 1% and 10%
SCFA mixtures with no requirement for heating or cooling. Net solution pickups ranged from
approximately 180g/m2 for water control samples to approximately 520 g/m2 for XG infused
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samples. Samples using SCFA with soybean oil averaged approximately 330 g/m2 pickup while
soybean oil alone averaged approximately 370 g/m2 pickup.
3.3

Ham Slices and Cubes Preparation
Commercial dry-cured hams weighing between 6-8 kg were sliced transversally into 2.5

cm thick slices using a band saw (B16-P, Butcher-Boy- Lasar MFG Company, Los Angeles, CA)
and individually stored in vacuum pack bags (40 cm × 60 cm, 3 mil. standard barrier, nylon/PE
Clarity Vacuum Pouches, Kansas City, MO) using a dual-chamber vacuum packaging machine
(Model 2100, Koch Equipment LLC, Kansas City, MO). The slices were then labeled and stored
at 4℃ until use. The packages of ham slices were opened, and the ham was cut into 2.5 cm × 2.5
cm × 2.5 cm cubes in preparation for the mite infestation study. Cubes were stored at 4℃ in
vacuum bags until use. Ham cubes were randomly selected and dipped into solutions of water,
water + 1% or 10% SCFA, XG, XG + 10% PG, XG + 1% or 10% SCFA, CG + PGA, CG +
PGA + 10% PG, CG + PGA + 1% or 10% SCFA, soybean oil, or soybean oil + 1% or 10%
SCFA using cotton string for 15 s before drying for 10 min. Cubes were also wrapped by nets
saturated in the same respective solutions. Treated cubes were stored in 119 ml glass jars (Ball
Corp., Fishers, IN) with black construction paper inside the jar and filter paper (Fisher Brand P4,
Pittsburg, PA) covering the top.
3.4

Mite Infestation Assay
Tyrophagus putrescentiae cultures were reared and stored according to procedures

provided by Abbar et al. (2016a). Twenty mixed-sex adult mites were inoculated onto each ham
cube from a laboratory colony. Cubes were stored in glass jars as detailed in section 3.3. Jars
were stored in a basin containing a mixture of dish soap (Ajax Ultra, Colgate-Palmolive
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Company, New York, NY) and water with petroleum jelly (Vaseline, Unilever, Trumbull, CT)
on the rim. The basins were themselves stored in a locked storage cabinet at 22 ± 2℃ and 70
±5% relative humidity (RH). Ham cubes and mites were incubated under these conditions for 14
days before removal for counting. After removal, each cube, black paper, jar, and netting (if
applicable) was separated into individual petri dishes for evaluation. These items were examined
using a 1.0 – 2.5x optical microscope (Model 568, American Optical Company, Buffalo, NY)
and living, mobile mites were counted.
3.5
3.5.1

Sensory Analysis
Solution Preparation
Coatings made with 1 % XG were mixed with room temperature (25℃) tap water before

the addition of 10 % SCFA. Coatings made with 1 % CG and 1 % PGA and 10 % SCFA were
solubilized in boiling water before cooling to approximately 65℃. A 10 % SCFA solution was
made with soybean oil (Great Value, Wal-Mart Stores Inc., Bentonville, AR) as a solvent with
no heating or cooling required. All coating solutions were made in 300 ml batches.
3.5.2

Ham Preparation
Ham slices were prepared as detailed in section 3.3 and stored at 4℃. Cotton thread was

threaded through the bone section of a ham slice and used to suspend the slice during coating and
drying. A 5 cm brush (Plaid Enterprises, Inc., Norcross, GA) was used to apply the respective
solutions onto all visible surfaces of each slice. Stockinettes were custom cut to size and sewn
back together to allow for better contact with each slice. Each net was tied at one end using
cotton string before submerging into the respective solutions for saturation. After saturation, a
ham slice was inserted into the net stockinette and tied at the top using cotton string, which was
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also used to suspend the slice for drying. All hams slices were suspended to dry for 30 minutes
before storage in gallon zip-top bags (Great Value, Wal-Mart Stores, Inc., Bentonville, AR).
Sealed zip-top bags were then stored at 4℃ for 14 days.
3.5.3

Sensory Panel Preparation
Ham slices were removed from refrigeration and allowed to equilibrate to room

temperature (20-22oC) for 30 min. All hams were removed from the zip-top bags and (if
appropriate) netting stockinettes before being rinsed with room temperature tap water prior to
cooking. Each slice was then fully wrapped in heavy duty aluminum foil (Reynolds Wrap,
Reynolds Kitchens, Richmond, VA). Wrapped and labeled slices were baked at 177℃ (Viking
Corporation, Model #VGRC605-6G-SS, Greenwood MS) to an internal temperature of 71℃.
Internal temperature was checked using a digital instant read thermometer (AcuRite, Lake
Geneva, WI). After reaching an internal temperature of 71℃ the foil was opened, and the slices
allowed to rest for 5-10 min before being transferred to a cutting board. Ham slices were then cut
into rectangular pieces that were 1.3 cm × 1.3 cm × 2.5 cm in size from the same muscle. Care
was taken to preserve sample location and ensure that panelists received samples from the same
location on each ham slice in order to reduce variability between muscles. Samples were stored
in 29.5 ml clear plastic containers (Dart Container Corporation, Mason, MI) that were coded
with random three-digit codes. Samples were presented to panelists (n=8) randomly in a
difference from control test. Panelists were provided with apple juice (Great Value, Wal-Mart
Stores, Inc., Bentonville, AR), water, unsalted crackers (Great Value, Wal-Mart Stores, Inc.,
Bentonville, AR), and expectorant cups and were seated in separate booths during each panel.
The difference from control test included a blind negative control to help determine the
magnitude of any difference that existed. The difference from control test scale was as follows:
20

0- no difference, 1- slight difference, 2- moderate difference, 3- large difference, 4- very large
difference. Four separate difference from control tests that consisted of two replications with two
subsamples per replication were performed. Each test included five samples of either direct
contact coatings or saturated netting hams: a labeled control, a blind control, 1% XG with 10%
SCFA, 1% CG with 1% PGA and 10% SCFA, and 10% SCFA with soybean oil.
3.6
3.6.1

Statistical Analysis
Mite Growth and Reproduction Analysis
A randomized complete block design with 3 replications and five sub-samples each for

both direct contact and saturated polyester netting was used in testing the effects of incorporating
the C8C9C10 fatty acid into XG, PGA + CG, water, and soybean oil on mite infestations on dry
cured ham. Controls of water, XG, XG + PG, CG + PGA, CG + PGA + PG, and soybean oil
were included for comparison regarding mite growth and reproduction. The one-way analysis of
variance (ANOVA) method was used to determine if there were significant differences (P<0.05)
among treatment means. (SAS version 9.4, SAS Institute, Cary, NC). For treatments where
differences (P<0.05) occurred, Tukey’s Honestly Significant Difference Test (P<0.05) was used
to separate treatment means.
3.6.2

Sensory Analysis
A randomized complete block design with two replications was used for the difference

from control tests. Data collection was performed using Compusense software (Compusense
Cloud, Guelph, CA). If differences (P<0.05) occurred between treatments, Tukey’s Honestly
Significant Difference Test (P<0.05) was used to separate treatment means.
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CHAPTER IV
RESULTS AND DISCUSSION
4.1
4.1.1

Mite Infestation Study
C8C9C10 with Water or Soybean Oil
For coated samples, 10% SCFA in water had fewer mites (P<0.05) than the water control

but did not differ (P>0.05) from any other treatment (Table 4.1). Interestingly, the treatment
with soybean oil had fewer mites than the 100 % water and 1 %SCFA and 99 % water treatment
and did not differ (P>0.05) from any other treatments (Table 4.1). Only the soybean oil control
and the 10% SCFA mixed with soybean oil resulted in mite counts near or below the initial
inoculation levels of 20 for direct contact application. When using saturated nets, the 100 %
soybean oil, the 1 % SCFA in soybean oil and the 10 % SCFA in soybean oil had fewer mites
than the water control (P<0.05). No other treatments differed in mite counts. The lack of
statistical differences between treatments can be partially attributed to large SEMs for each
treatment. The 1% SCFA in water did not successfully control mite reproduction, with counts
higher than the initial inoculation level. This is largely due to a combination of the hydrophobic
nature of the SCFA and the low concentration- the small amount of SCFA did not disperse well
in solution, leading to irregular coating. The use of 100% soybean oil solution was effective at
controlling mites and no mobile mites were found after 14 days of incubation. The effectiveness
of soybean oil was similar to that of lard, as reported by Zhao et al. (2016), who concluded that
lard as a direct coating and 100% propylene glycol (PG) were effective at controlling mites on
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ham cubes for 14 and 21 d on 15.6 cm3 ham cubes that had been inoculated with 20 mites.
However, the effectiveness of soybean oil was different to that reported by Abbar et al. (2016a),
whose tests included soybean oil as a direct coating. That study was performed on 15.6 cm3 ham
cubes at 25℃ and 70% RH, with results for soybean oil nearing 200. The two specific
differences in these researchers testing in comparison to the current study was that their
temperature was slightly greater at 25oC in comparison to 22oC and their jar was relatively twice
as large at 216 ml vs 119 ml. Zhang et al. (2018a) reported that the use of lard on saturated
netting was not effective. Garcia (2004) reported that Iberian ham producers use manual cleaning
of hams followed by submersion into hot lard to control mites. Solutions with soybean oil (1%
and 10% mixtures of SCFA), and the 100% soybean oil controlled infestation to practically zero
mites when using saturated nets. This implies that soybean oil (the solvent in the study) may be
effective at controlling mites and further testing is warranted on its long-term effectiveness.
Another important result of this study is that ham cubes wrapped in a saturated polyester net had
lower numbers of mites when compared to cubes that were coated directly with corresponding
solutions. This is due to the net itself acting as a physical barrier to mite movement, largely due
to its small mesh size. .
4.1.2

C8C9C10 with Xanthan Gum
For the coating experiment, ham cubes treated with 10% SCFA and XG had 6 mites per

cube on average, which was fewer (P<0.05) than the 1 % XG + 99 % water treatment and the 1
% XG +1 % SCFA treatments (Table 4.2). When directly coated, there was no difference
(P>0.05) between cubes treated with XG, XG + 10% PG, and XG + 1% SCFA with all
treatments having mites above the initial inoculum level of 20 mites. When using saturated
polyester netting, there was no difference (P>0.05) between cubes treated with XG + 10% PG
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and XG + 1% or 10% SCFA. In addition, the XG + 1 % and 10 % SCFA had fewer mites
(P<0.05) than XG alone. The use of polyester nets saturated with XG + 1% or 10% SCFA
resulted in mite counts below inoculation levels. While not exactly matching prior studies, these
results follow the trend that XG alone is ineffective at controlling mite growth, while the addition
of PG along with XG slowed mite growth. Zhang et al. (2017) tested both mite
orientation/oviposition and reproduction for ham cubes wrapped in nets saturated with XG + PG
or CG + PGA + PG. These researchers reported that gum-only saturated nets were ineffective at
controlling mite growth, but positive results were gained by adding medium to high
concentrations of PG. These results are also similar (P>0.05) to those of Campbell et al. (2017),
who reported that 15 % PG was needed to control mites when mixed with XG. Therefore, it was
not expected for the 10 % PG treatment to be effective in the current study. Results indicate that
the XG and 10 % SCFA treatment either in direct contact or in saturated nets may be an effective
treatment for controlling mite growth (Table 4.2). However, from the previous experiment
(Table 4.1), it appears that soybean oil may be a better carrier for SCFA than XG mixed with
water because there were no mobile mites after 14 days of incubation for soybean oil or soybean
oil + 10% SCFA treatments in saturated nets. The disadvantage of the soybean oil is that it may
not remain effective on the surface of the ham for months of aging since it is liquid and not a
solid coating. Therefore, it is necessary to evaluate the effectiveness of soybean oil and soybean
oil + SCFA on mite growth over a longer storage period. The addition of a stabilizer as a means
of delivery may help increase long-term effectiveness.
4.1.3

C8C9C10 with Carrageenan and Propylene Glycol Alginate
In direct coating applications, the use of 10% SCFA, CG and PGA had fewer mites

(P<0.05) than other treatments and the mite count was below the initial inoculation level of 20
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mites after 14 days of incubation (Table 4.3). In saturated nets, the mixture of CG, PGA and 10%
SCFA was the most effective net saturation solution for controlling mite growth (less than 1
mite/cube on average) but was not statistically different (P>0.05) from the CG, PGA and 10%
PG treatment (P>0.05) (Table 4.3). The gum (CG and PGA) alone and CG + PGA + 1% SCFA
treatments had more mites (P<0.05) than the CG + PGA + 10% SCFA treatment, but did not
differ (P>0.05) from CG + PGA + 10% PG. While these results have different mite counts than
Zhang et al. (2017) and Zhao et al. (2016), they do follow the same trend where CG and PGA
alone is ineffective, but the addition of PG increases the effectiveness of the solution (Table 4.3).
Hendrix et al. (2018) also tested nets saturated with CG and PGA and 40% PG. Results from that
study indicated that the use of PG with CG and PGA was effective at controlling mite growth.
Zhang et al. (2017) tested ham cubes wrapped in saturated nets and inoculated 20 mites on 0, 4,
and 8 weeks after wrapping followed by a 14 day incubation period. The results showed that CG
with PGA is not effective at controlling mite growth, with mite counts ranging from over 500 for
ham cubes infested with mites at 0 weeks after wrapping and over 180 at eight weeks after
wrapping. Zhao et al. (2016) tested the efficacy of direct coatings on mite growth, with results
showing that CG + PGA coated cubes also had high mite counts with over 180 after two weeks.
Results indicate that SCFA may be an alternative to PG as the active ingredient in CG + PGA
based coatings as a deterrent to mite growth.
4.2

Sensory Evaluation
In direct coating applications, the mixture of 10% SCFA and soybean oil was not

different (P>0.05) from the blind control with respect to texture and flavor but was different
(P<0.05) with respect to moistness (Table 4.4), The XG + 10% SCFA treatment differed
(P<0.05) and was than the blind control regarding texture, flavor, and moistness. These results
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were similar to those reported by Campbell et al. (2017) for XG with 20% PG. The CG + PGA +
10% SCFA treatment also differed from the blind control in moistness, texture, and flavor
(P<0.05). These ratings were slightly higher than those reported by Campbell et al. (2017) for
direct contact applications, who used whole hams in testing while slices were used in this study.
However, the present study included the addition of 10% SCFA to XG and CG + PGA solutions,
which could have also affected the texture, flavor, and moistness (Table 4.4), since SCFA is a
volatile mix of fatty acids with distinct aromas. When placed in polyester nets, the mixture of
10% SCFA with soybean oil was different (P<0.05) than the blind control with respect to texture,
flavor, and moistness (Table 4.4). The XG + 10% SCFA treatment was different from the blind
control with respect to flavor and moistness (P<0.05) but was not different (P>0.05) from the
blind control with respect to texture. The CG + PGA + 10% SCFA was differed from the blind
control (P<0.05) in regard to the texture, flavor, and moistness (Table 4.4).
Since soybean oil had efficacy at controlling mite growth when no SCFA was included in
the coating (Table 4.1), additional difference from control tests were conducted to determine its
impact on the sensory properties of the ham. The dry cured ham slice that was coated directly in
100% soybean oil or soybean oil + 10% SCFA were not rated differently (P>0.05) from the blind
control with regards to moistness, texture and flavor (Table 4.5). However, the difference values
from the blind control were numerically higher for the 10 % SCFA treatment when compared to
100 % soybean oil alone. In contrast, 100% soybean oil in nets differed (P<0.10) in texture, and
the use of saturated nets using 10% SCFA with soybean oil differed (P<0.05) in flavor in
comparison to the blind control (Table 4.5). The differences between the SCFA + soybean oil
treatment that existed with polyester nets but not in the direct coating may be due to the volatile
compounds remaining in the SCFA due to trapping of the nets and oxidation of the fatty acids
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over time. Octanoic acid has been identified in goat cheese with “rancid, pungent” descriptors in
a study on goat cheese by Salles et al. (2002), while nonanoic and decanoic acids were both
identified by the “goat” descriptor. It may be possible that the C8C9C10 fatty acid is combining
with a compound present in the ham to produce an aroma that is trapped by the netting. This
indicates that both the 10 % SCFA and soybean oil treatment and the 100% soybean oil are the
only possible treatments that were evaluated that could potentially be used to control mites
without causing sensory differences to the hams.
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Table 4.1

ac

Tyrophagus putrescentiae counts (n=15) on dry cured ham cubes (2.54 cm x 2.54
cm x 2.54 cm) that were directly coated or wrapped in saturated nets with C8C9C10
(SCFA) mixed with water or soybean oil and inoculated with 20 mixed sex mites
and incubated for 14 days at 22±2℃ and 70±5% RH.
Treatment
100% Water
100% Soybean oil
1% SCFA, 99% Water
10% SCFA, 90% Water
1% SCFA, 99% Oil
10% SCFA, 90% Oil
SEM
P-value

Mean No. Mites- Coating
286a
21.0c
211ab
109bc
76.7bc
13.5c
14.53
<0.0001

Mean No. Mites- Nets
78.7a
0b
34.1ab
24.1ab
0.2b
0.0b
6.48
0.0015

Means with the same superscript in a column indicate no difference (P>0.05).
SEM: Standard error of the mean
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Table 4.2

Tyrophagus putrescentiae counts (n=15) on dry cured ham cubes (2.54 cm x 2.54
cm x 2.54 cm) that were directly coated or wrapped in saturated nets with C8C9C10
(SCFA) mixed with xanthan gum and inoculated with 20 mixed sex mites and
incubated for 14 days at 22±2℃ and 70±5% RH.

Treatment
1% XG, 99% Water
1% XG, 10% PG, 89% Water
1% XG, 1% SCFA, 98% Water
1% XG, 10% SCFA, 89% Water
SEM
P-value

Mean No. Mites- Coating
61.1a
45.1ab
54.0a
6.0b
6.04
0.0093

ab

Mean No. Mites- Nets
75.0a
29.8ab
14.5b
6.5b
6.20
0.0010

Means with the same superscript in a column indicate no difference (P>0.05).
SEM: Standard error of the mean
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Table 4.3

Tyrophagus putrescentiae counts (n=15) on dry cured ham cubes (2.54 cm x 2.54
cm x 2.54 cm) that were directly coated or wrapped in saturated nets with C8C9C10
(SCFA) mixed with carrageenan and propylene glycol alginate and inoculated with
20 mixed sex mites and incubated for 14 days at 22±2℃ and 70±5% RH.

Treatment
1% CG, 1% PGA, 98% Water
1% CG, 1% PGA, 10% PG, 88% Water
1% CG, 1% PGA, 1% SCFA, 97% Water
1% CG, 1% PGA, 10% SCFA, 88% Water
SEM
P-value

Mean No. Mites- Coating
68.5a
96.2a
89.3a
10.3b
7.04
0.0002

ab

Mean No. Mites- Nets
45.0a
23.1ab
44.3a
0.7b
5.21
0.0103

Means with the same superscript in a column indicate no difference (P>0.05).
SEM: Standard error of the mean
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Table 4.4

Sensory differences in texture, flavor, and moistness of 2.54 cm thick ham slices
that were directly coated or wrapped in saturated nets with 10% C8C9C10 (SCFA)
solutions using a 5-point difference from control test (n=8) after 14 days of storage
at 2-4℃.

Treatment
100% Water
(Blind control)
1% XG, 10%
SCFA, 89%
Water
1% CG, 1%
PGA, 10%
SCFA, 88%
Water
10% SCFA,
90% Oil
SEM

Texture
0.6b

P-value

Direct Contact
Flavor
Moistness
1.0c
0.5b

Saturated polyester nets
Texture
Flavor
Moistness
0.3b
0.4b
0.1b

1.6a

2.3ab

1.5a

1.3ab

2.6a

1.1a

1.6a

3.0a

1.3a

1.4a

2.5a

1.3a

1.4ab

1.6bc

1.3a

1.4a

1.9a

1.1a

0.115

0.124

0.100

0.127

0.103

0.105

0.0047

<0.0001

0.0047

0.0065

<0.0001

0.0008

ac

Means with the same superscript in a column indicate no difference (P>0.05).
SEM: Standard error of the mean
Scale for difference from control test- 0=no difference, 1=slight difference, 2=moderate
difference, 3=large difference, 4=very large difference
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Table 4.5

Sensory differences in texture, flavor, and moistness of 2.54 cm ham slices that
were directly coated or wrapped in saturated nets with soybean oil treatments
stored at 2-4℃ for 14 days using a 5-point difference from control test (n=8).

Treatment
100% Water
(Blind control)
100% Soybean
oil
10% SCFA,
90% oil
SEM

Texture
0.5a

P-value

Direct Contact
Flavor
Moistness
0.9a
0.8a

Texture
0.6b

Saturated polyester nets
Flavor
Moistness
0.8b
0.6a

0.6a

0.9a

1.0a

2.1a

1.9ab

1.8a

1.3a

1.9a

1.4a

1.5ab

3.1a

1.1a

0.171

0.218

0.207

0.195

0.214

0.215

0.1832

0.1238

0.4663

0.0206

0.0015

0.1284

ab

Means with the same superscript in a column indicate no difference (P>0.05).
SEM: Standard error of the mean
Scale for difference from control test- 0=no difference, 1=slight difference, 2=moderate
difference, 3=large difference, 4=very large difference
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CHAPTER V
CONCLUSION
While the C8C9C10 SCFA blend has been tested in both laboratory and field tests for
insect repellency, very little testing has been done exploring its effectiveness at controlling
Tyrophagus putrescentiae growth. These laboratory tests have shown that a mixture of 100%
soybean oil and 10% SCFA with soybean oil were effective as either a direct contact solution or
when used to saturate polyester nets at controlling ham mite population growth. A solution
including 10% SCFA, when mixed with 1% XG or 1% CG + 1% PGA, controlled mite
population growth in both direct contact and saturated net tests. Dry-cured ham slices that were
treated with soybean oil, either alone (100%) or mixed with 10% SCFA were not different from
a blind control in direct contact applications with respect to sensory properties, but did exhibit
variability from the blind control when used with saturated polyester nets. This is possibly due to
the nets trapping volatile compounds rather than releasing them. Further study is recommended
for SCFA and gum mixtures and soybean oil along with other oils based on both mite population
control and sensory results.
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